ABSTRACT. The precise causes of psoriasis, a chronic skin disorder characterized by hyperproliferation of keratinocytes and incomplete keratinization, are unclear. It is known that expression of helix-loop-helix transcription factor Id1, which functions as an inhibitor of differentiation, is upregulated in psoriatic skin. We investigated the effect of the antipsoriatic drug dithranol on mRNA and protein expression levels of Id1 in the HaCaT keratinocyte cell line. Cultured HaCaT cells were treated with 0-0.5 µg/mL dithranol for 30 min. After 2 and 4 h, total cellular RNA and total proteins were isolated from HaCaT cells, and quantitative real-time reverse transcriptase (RT-PCR) and Western blot were used to determine the mRNA and protein levels of Id1, respectively. Changes in normalized Id1 mRNA levels were observed only after 4 h of dithranol treatment. There was reduced expression of Id1 mRNA transcripts in the HaCaT cells treated with 0.1 mg/mL dithranol, but the reduction was not significant. The expression of Id1 mRNA was significantly downregulated (almost 50%) when 0.25 or 0.5 mg/mL dithranol was applied to the HaCaT cells. However, the normalized Id1 protein levels were not significantly ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 11 (3): 3290-3297 (2012) Dithranol downregulates Id1 mRNA 3291
INTRODUCTION
Psoriasis is a chronic, recurring inflammatory disease that affects approximately 1.5-2% of the population, possibly owing to conserved genetic and environmental susceptibilities worldwide (Jacobson et al, 2011) . The molecular mechanism underlying the pathophysiology of psoriasis is not well understood; therefore, researchers have attempted to study genes and molecules, which may provide insight into understanding the cause of psoriasis. Because psoriasis is a disease without a lasting cure, knowing its precise cause will eventually shed light on better therapeutic approaches.
In particular, inhibitor of differentiation-1 (Id1), which stimulates cell proliferation, inhibits cell differentiation, and activates angiogenesis (Lister et al., 1995; Lyden et al., 1999; Ling et al., 2005) , has been demonstrated to be important in the proliferation and survival of certain cells and tissues such as cancer cells (Ouyang et al., 2002; Schindl et al., 2003; Schoppmann et al., 2003; Wong et al., 2004; Cheng et al., 2011) and synovial tissues from patients with rheumatoid arthritis (Sakurai et al., 2001) . Id1 is a member of a group of helixloop-helix (HLH) proteins that act as dominant-negative factors, forming homo-and heterodimers with other basic HLH transcription factors (Benezra et al., 1990; Ristow, 1996) . Apparently, the proteins in this group are deficient in the basic residues adjacent to the HLH domain, which binds to E-box-containing DNA regions (Massari and Murre, 2000) . Hence, the resulting Id-bHLH heterodimers are unable to bind to DNA.
Of great interest, Id1 was recently demonstrated to contribute to the hyperproliferation of keratinocytes via the enhancement of cell cycle progression, removal of cell cycle inhibition, and increase in keratin production (Hamajima et al., 2010) . With regard to psoriasis, Id1 messenger RNA (mRNA) and protein levels were found to be highly expressed in psoriatic involved skin (Bjorntorp et al., 2003) . Consistently, Id1 mRNA was reported to be upregulated in psoriatic involved skin but not in psoriatic uninvolved skin (Mark et al., 2006) . Very recently, we revealed that the normalized level of Id1 transcripts in psoriatic patients was approximately twofold higher than that in controls (Ronpirin et al., 2010) . Thus, Id1 may be a potential biomarker associated with the pathophysiology of psoriasis. We wondered whether antipsoriatic drugs such as dithranol (anthralin or 1,8-dihydroxy-9-anthrone), which has been widely used as a topical therapy (Pavithran 2001; Afifi et al., 2005; Kamili and Menter, 2009) , could modulate the expression of the Id1 gene. Specifically, we hypothesized that dithranol could reduce gene expression. The objective of this study was to investigate the molecular role of dithranol on the mRNA and protein expression levels of Id1 in the HaCaT keratinocyte cell line.
MATERIAL AND METHODS

Cell culture
The human keratinocyte cell line HaCaT was purchased from CLS-Cell Lines Service (Eppelheim, Germany) (Boukamp et al., 1988) . The cells were cultured in Dulbecco's modified Eagle's medium (DMEM; HyClone, Logan, UT, USA) with 10% fetal bovine serum (FBS; HyClone), 100 U/mL penicillin, 100 µg/mL streptomycin, and 0.25 μg/mL amphotericin B (Invitrogen, Carlsbad, CA, USA). The cells were maintained at 37°C in a humidified atmosphere with 5% CO 2 .
Dithranol treatment
Dithranol treatment was conducted according to a published procedure (Farkas et al., 2001 ) with slight modification (Tencomnao et al., 2009; Ronpirin and Tencomnao, 2012) . Dithranol was purchased from Sigma (St. Louis, MO, USA) and was always newly dissolved in acetone and used immediately. Briefly, cultured HaCaT cells at approximately 90% confluence on a 60-mm plate were washed with phosphate-buffered saline under sterile conditions and incubated for 30 min at 37°C in a humidified atmosphere (5% CO 2 ) with increasing concentrations of dithranol (0.1, 0.25, and 0.5 µg/mL) in DMEM containing 0.5% FBS. Control cells were treated with the acetone only (0 µg/mL dithranol) or left untreated. After dithranol treatment, cells were washed with phosphate-buffered saline and cultured in DMEM containing 10% FBS for 2 and 4 h at 37°C in a humidified atmosphere at 5% CO 2 before isolation of total cellular RNA and proteins for subsequent experiments.
Total RNA extraction, complementary DNA (cDNA) synthesis, and quantitative real-time polymerase chain reaction (PCR)
Total cellular RNA isolation was performed using the Trizol reagent (Invitrogen) following the manufacturer protocol with minor modifications (Ronpirin and Tencomnao, 2012) . In brief, the total RNA was quantified spectrophotometrically at 260 nm. Before quantitative real-time reverse transcriptase-PCR (RT-PCR), approximately 1 µg total RNA was treated with deoxyribonuclease I (Invitrogen) according to the manufacturer protocol for 15 min at 25°C. Approximately 250 ng deoxyribonuclease I-treated RNA was used for first-strand cDNA synthesis using an ImProm-II TM Reverse Transcription System (Promega, Madison, WI, USA) with oligo(dT) 17 primer following manufacturer instructions. Reverse transcription was carried out at 50°C for 60 min. Then RT-PCR was performed on the StepOnePlus TM (Applied Biosystems, Foster City, CA, USA) using TaqMan ® Universal PCR Master Mix and TaqMan ® Gene Expression Assays probe and primer mix (Applied Biosystems), based on the manufacturer protocol as previously described (Ronpirin and Tencomnao, 2012) . The assay identification numbers of Id1 and ubiquitin C (UBC) were Hs00704053 and Hs00824723, respectively. Amplification reactions in triplicate for each sample were carried out, and the results were normalized to the UBC gene expression level. An analysis of relative gene expression data was performed using the Applied Biosystems StepOne TM Real-time PCR v. 2.0 Software with respect to the fold change in studied gene expression normalized to endogenous control. The data for each dithranol treatment represented the fold change in normalized mRNA expression relative to that at 0 µg/mL dithranol. The relative expression in fold change was arbitrarily set at 1.
Total protein preparation and Western blot analysis
Total protein preparation and Western blotting were carried out as previously described (Ronpirin and Tencomnao, 2012) . In short, the total protein was isolated from the HaCaT cells using Nonidet-P40 lysis buffer (1% Nonidet-P40, 20 mM Tris, pH 7.4, 150 mM NaCl, 3% glycerol, 1.5 mM ethylenediaminetetraacetic acid) with protease inhibitors. Protein concentrations were measured following the Bradford (1976) method using a protein assay kit (Bio-Rad, Hercules, CA, USA) and bovine serum albumin (Sigma) as a standard. The primary antibody solutions for Western blotting were a 1:2000 dilution of polyclonal rabbit anti-Id1 (Cat. No. sc-488, Santa Cruz Biotechnology, Santa Cruz, CA, USA) and a 1:4000 dilution of polyclonal rabbit anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH; Cat. No. sc-25778, Santa Cruz Biotechnology). The secondary antibody solution was a 1:5000 dilution of an affinity purified goat anti-rabbit IgG coupled to horseradish peroxidase (Cat. No. 7074, Cell Signaling Technology, Beverly, MA, USA). The immunoreactive protein bands were detected using the LumiGLO reagent and peroxide (Cell Signaling) for Id1 (15 kDa) and GAPDH (37 kDa) and quantitated densitometrically using a 1-D Multi-Lane Densitometry program in an AlphaImager 2000 (Alpha Innotech Corp., San Leandro, CA, USA). Relative densities of immunoreactive bands were normalized to the density of corresponding bands for GAPDH.
Statistical analysis
All results are expressed as means ± SEM. Statistical comparisons were performed using one-way analysis of variance with the Dunnett multiple comparison post hoc test. Data were regarded as statistically significant at P < 0.05.
RESULTS
Determination of the Id1 mRNA using quantitative RT-PCR
We determined the in vitro effect of dithranol on the expression of Id1 mRNA using a quantitative RT-PCR technique with the housekeeping gene UBC as an internal control. The results of the quantitative RT-PCR are shown in Figure 1 . After 2 h of dithranol treatment, normalized Id1 mRNA transcripts of HaCaT cells were not significantly altered as dithranol concentration increased. Nevertheless, changes in normalized Id1 mRNA levels of HaCaT cells were observed when analysis was performed after 4 h of dithranol treatment. As compared to 0 mg/mL dithranol concentration (acetone-treated cells), treatment of HaCaT cells with 0.1 mg/ mL dithranol revealed no statistical significance, but a tendency of reduced expression of Id1 mRNA was noticed. The expression of Id1 mRNA transcripts was significantly downregulated by 50% when a concentration of either 0.25 or 0.5 mg/mL dithranol was applied to the cells (P < 0.05). Taken together, the downregulation effect of dithranol on the expression of Id1 mRNA transcripts was concentration-dependent in the HaCaT cells.
Determination of the Id1 protein using Western blot technique
In addition to investigating Id1 mRNA transcripts, we further measured the expression levels of the Id1 protein using a Western blot technique with polyclonal antibody specific to the Id1 protein. Using the GAPDH protein as a ubiquitous housekeeping gene, we found no significant changes in normalized Id1 protein levels regardless of dithranol concentration and the time elapsed after treatment (Figure 2) . 
A B DISCUSSION
We hypothesized that the antipsoriatic drug dithranol could reduce the expression of the Id1 gene in an experimental in vitro model using the HaCaT cell line because Id1 is an elevated biomarker in psoriasis (Bjorntorp et al., 2003; Mark et al., 2006; Ronpirin et al., 2010) . This cell line, originally documented by Boukamp et al. (1988) , is believed to be an appropriate cellular model of psoriasis based on previous reports (Farkas et al., 2001; Tencomnao et al., 2009; George et al., 2010; Saelee et al., 2011; Ronpirin and Tencomnao, 2012) . Hamajima et al. (2010) demonstrated the role of Id1 in the hyperproliferation of keratinocytes, possibly via the nuclear factor-kappa B signaling pathway. Notably, we revealed that the nuclear factorkappa B signaling network might be a target for antipsoriatic herbal drugs (Saelee et al., 2011) .
In this study, we used quantitative RT-PCR and Western blot to determine mRNA and protein levels, respectively. We found that the expression of Id1 mRNA transcripts was significantly decreased by 50% when a concentration of either 0.25 or 0.5 mg/mL dithranol was applied to the HaCaT cells (P < 0.05). We detected no significant change in the level of Id1 mRNA when treating the HaCaT cells with 0.1 mg/mL dithranol. Therefore, the inhibitory effect of dithranol on the expression of Id1 mRNA transcripts was dose-dependent in the HaCaT cells. Nevertheless, the results of Western blotting were contrary to those of our mRNA study. This disagreement might be due to several factors. First, the 2 techniques relied on different housekeeping genes: UBC and GAPDH were used for RT-PCR and Western blotting, respectively. In fact, at least 3 genes should be included as housekeeping genes for this kind of study. Second, mRNA levels and protein levels are often controlled independently.
Several mRNA and protein comparisons have demonstrated a varied correlation between expression levels or changes in protein and mRNA. For instance, recent research examining gene expression profiles in 23 human cell lines demonstrated mean correlation coefficients between mRNA and corresponding protein levels in the range 0.20 to 0.25, and significant correlations were found in only one-third of the examined mRNA species and corresponding proteins (Gry et al., 2009) . Another correlation study on human circulation monocytes showed significant correlation between average mRNA and average protein expression levels with a correlation coefficient of approximately 0.3 (Guo et al., 2008) . No significant relationship between specific mRNA and corresponding protein levels has been found in human prostate cancers (Lichtinghagen et al., 2002) . These findings suggest that mRNA expression might be occasionally valuable but is undoubtedly far from perfect for predicting protein expression levels.
In normal human keratinocytes, the expression of Id1 is activated by all-trans retinoic acid (Villano and White, 2006) . We found, however, that the Id1 gene is downregulated by the effect of dithranol in the HaCaT cell line, the cellular model of psoriasis. This result suggests that Id1 gene expression can be modulated, and this modification can be applied to the development of therapy if a molecular target such as Id1 is a biomarker associated with pathogenesis. The concept of using Id1 as a novel therapeutic target is of great interest in our present research. For example, the nontoxic exogenous agent cannabidiol has been reported to decrease Id1 expression significantly in metastatic breast cancer cells, leading to the downregulation of tumor aggressiveness (McAllister et al., 2007 (McAllister et al., , 2011 . Downregulation of the Id1 gene by small interfering RNA in in vivo and in vitro prostate cancer has been shown to suppress cell proliferation and induce apoptosis and senescence in PC3 cells. It also has a preventive effect against the development of prostate cancer in a mouse model (Ling et al., 2011) . In conclusion, our study found that dithranol has a downregulation effect on Id1 mRNA in HaCaT cells. The molecular mechanisms underlying this finding await further exploration.
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